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ABSTRACT 
Dysfunction of the patellofemoral j oint has long been a topic of discussion and 
debate for caregivers of patients with this syndrome. Various diagnosis related to the 
patellofemoral j oint of the knee have been reported. Patellofemoral pain refers to the 
clinical presentation of pain in the anterior region of the knee. It is one of the most 
common musculoskeletal complaints in children, adolescents, and adults. It is a major 
source of pain and dysfunction in both genders, but is more common in females. 
The purpose of this literature review is to help distinguish between several 
differential diagnosis included as part of patellofemoral pain syndromes. These include 
plica syndrome, chondromalacia patellae, extensor mechanism or tracking problems, and 
instability problems of subluxation and dislocations. Aspects of each of the above 
conditions will be discussed in the manner of definition, presentation, clinical signs and 
symptoms, and special tests specific to each syndrome along with a brief diagnosis and 
treatment for each condition. I will conclude my findings by comparing and contrasting 
each condition. 
CHAPTER ONE 
INTRODUCTION 
Dysfunction of the patellofemoraljoint has long been a topic of discussion and 
debate for caregivers of patients with this syndrome. Various diagnosis related to the 
patellofemoraljoint and the extensor mechanism of the knee have been reported. I 
Patellofemoral pain refers to the clinical presentation of pain in the anterior region of the 
knee.2,3,4 Patellofemoral pain is the most common symptom complex in the knee joint5 
and is one of the most common musculoskeletal complaints in children, adolescents, and 
adults.3 It is a major source of pain and dysfunction in both genders,6,7 but is found to be 
more common in females. 8,9,10 It afflicts not only the athletic population but sedentary 
individuals as well.6,7 ShellocklO stated that approximately 30% of exertion-related 
injuries in athletes involve the patellofemoral joint; and in some active populations such 
as runners, the patellofemoral joint is the most frequently injured joint. 10,1 I 
These patients often present with nonspecific signs and symptoms of varying 
degrees. The exact source of patellofemoral pain cannot always be determined and it is 
diagnosed as "anterior knee pain." The knee joint is made up of articular cartilage which 
does not contain pain receptors. Therefore, the relationship between cartilage 
degeneration and pain is inconsistent.6 These conditions are often frustrating for the 
patient4 as well as the caregiver.3 The precipitating events, the location and duration of 
1 
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the pain are all important factors in narrowing the differential diagnosis, as are a detailed 
history and physical examination.3,7 
The purpose of this literature review is to help distinguish between several 
differential diagnosis included as part of patellofemoral pain syndromes. These include 
plica syndrome, chondromalacia patellae, extensor mechanism or tracking problems, and 
instability problems of subluxation and dislocations. Aspects of each of the above 
conditions will be discussed in the following manner: definition, presentation, clinical 
signs and symptoms, and special tests specific to each syndrome along with a brief 
diagnosis and treatment for each. I will conclude my findings by comparing and 
contrasting each condition. 
CHAPTER TWO 
ANATOMY, FUNCTION AND BIOMECHANICS 
This chapter will focus on the anatomy, function, and biomechanics of the knee. 
An understanding of these factors is of primary importance when trying to distinguish 
between patellofemoral pain syndromes of plica, chondromalacia patellae, tracking, and 
instability problems. 
The human knee is the largestl2 and most complex joint in the body.13 It is formed 
during the fourth month of embryologic development. 14,15 The knee joint is comprised of 
the tibiofemoral and patellofemoral joints. 12 
The tibiofemoral joint is the largest hinged joint in the body,16 formed by the two 
longest bones of the body, the femur and the tibia, therefore, an enormous amount of 
stress may be placed upon the knee joint. The long lever arms of the femur and tibia 
produce an increased mechanical advantage which places the knee joint at an increased 
risk ofinjuryy,16 Stability of this joint depends on the strength of all the muscles and 
ligaments attached to the joint. 13,16 
Tibiofemoral motion occurs through rolling and gliding. During flexion, rolling 
is illustrated by the contact point of the tibia moving posteriorly. Gliding occurs because 
the contact point on the femur moves a greater distance than the contact point on the tibia. 
Along with rolling and gliding, the tibia rotates externally throughout the range of motion 
3 
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(ROM) from flexion to extension. This is referred to as the screw-home mechanism; and 
it provides additional stability to the tibiofemoral joint. 12 
The patellofemoral joint, which is of primary importance in this case, is a 
synovial13 modified plane joint. 16 Gliding motion occurs at this joint with the patella 
being displaced approximately seven centimeters along the femoral condyles providing 
the entire ROM is present. 12 
The patella is the largest sesamoid bone in the body.2,8,13 It is embedded within 
the quadriceps tendon proximally at its base and within the patellar tendon distally at its 
apex.8 It is triangular in shape with its apex being connected to the tibial tuberosity by the 
ligamentum patellae. \3 This attachment helps to prevent anterior displacement of the 
femur on the tibia.4 The patella consists of the thickest layer of cartilage in the body,16 
measuring 4-5 millimeters at its thickest region of the patellar body.2 The patellar surface 
consists of two primary facets: medial and lateraU It may have up to seven facets with 
four on the medial side secondary to an additional odd facet found here, and three on the 
lateral side.5 The odd facet serves as the most medial portion of the articular surface of 
the patella. 17 
The patella serves six main functions: 
(1) It provides anterior displacement ofthe quadriceps tendon throughout the 
entire ROM. This mechanism facilitates extension and offers mechanical advantage 
which improves knee extension force by 25-30%.2,4,5 
(2) The quadriceps and patellar tendons are protected from friction, thus, 
permitting the extensor apparatus to tolerate high compressive loads.2,12 
5 
(3) A cartilage-on-cartilage articulation provides a relatively low coefficient of 
friction, which increases the efficiency of the quadriceps.2,8 
(4) The divergent forces of the four quadriceps heads become centralized and are 
transmitted to the patellar tendon.2 
(5) The patella provides a bony shield for the knee joint, protecting the articular 
cartilage of the anterior femur and tibia from direct trauma.2,4 
(6) The patella serves a cosmetic function.2,16 
McConnelF identifies four ways to describe patellar position with respect to the 
femur. These include medial-lateral tilt, anterior-posterior tilt, patellar rotation, and 
lateral patellar glide. 
The medial-lateral patellar tilt is represented by the level of each border of the 
patella. The two borders should be level in the frontal plane. Many patients with 
patellofemoral symptoms will show lateral tilting, with the medial patellar border being 
more prominent.4,7 
Anterior-posterior tilt refers to the position of the inferior pole of the patella in 
regard to the superior pole. Upon contraction of the quadriceps muscle, if the inferior 
pole is tilted posteriorly compared to the superior pole, it can irritate the fat pad. This can 
lead to pain upon extension or hyperextension of the knee.4,7 
The rotational component determines if there is any deviation of the long axis of 
the patella from the long axis of the femur by assessing the position of the inferior pole of 
the patella with the superior pole. The most common finding is external rotation of the 
patella, which is seen when the inferior pole of the patella is lateral to the superior pole.4,7 
6 
The glide component is measured by first observing the knee with the quadriceps 
relaxed and in an extended position. The patella should be positioned in midline between 
the two condyles. Statically the patella may appear normal, however, once the quadriceps 
muscle is contracted, the patella may move laterally.4,7 
The patellofemoraljoint stability is dependent upon tendons and ligaments.3 
Patellofemoral joint stability and normal function of the patella during flexion are 
maintained by the following: interaction between static stabilizers, dynamic stabilizers, 
congruency between bony structures, alignment of the femur and tibia, and the quadriceps 
or Q angle.4,6,10 
Static stabilizers are structures which exert forces acting on a body in 
equilibrium. 12 These include ligaments around the knee such as the patellar tendon, 
medial and lateral patellofemoralligaments, as well as the medial and lateral 
retinaculum. 4,10 
Dynamic stabilizers are variable forces acting on a body in motion such as those 
I 
exerted by the quadriceps muscle group.10 As an overall function, the quadriceps muscle 
group acts on the patella to extend the knee, but this is not true for individual muscles of 
the group. The rectus femoris works dynamically to extend the knee. The vastus 
medialis oblique (VMO) muscle individually cannot extend the knee. The VMO is the 
primary controller of medial movement of the patella to maintain proper alignment of the 
patella in the femoral sulcus.3,4 The VMO also aids in the final movement into internal 
rotation of the femur on the tibia. According to Fox,5 the VMO is phylogenetically the 
weakest of the quadriceps group and appears to be the first muscle to show atrophy and 
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the last to respond to rehabilitation. The vastus lateralis along with a section of the 
iliotibial (IT) band provide the lateral dynamic force. 3 With the quadriceps group being 
unbalanced, the VMO generally is overwhelmed by the rest of the group, resulting in a 
greater lateral than medial force. 5 
Congruency between bony structures is dependent upon the shape of the patella 
and the femoral trochlear groove because of their articulation during flexion.1O The shape 
of the facets on the patella's undersurface help determine the "fit" between the patella and 
the femoral groove. The femoral trochlear groove or sulcus is angled slightly medially, 
with the lateral femoral condyle higher than the medial; the normal sulcus angle is 137 
degrees.5,8 The sulcus is important in keeping the patella "seated" and tracking properly. 
The medial and lateral retinaculum keep the patella "centered" between the femoral 
condyles during motion.8 The dynamic motion of the patella through its ROM is initiated 
with the patella positioned laterally in full extension and gradually moving medially and 
centrally with increased flexion. 5 
The alignment of the femur and tibia as well as the entire lower extremity are 
extremely important factors in the proper function of the patellofemoral joint. 5 
Malalignment is the leading cause of patellofemoral pain syndromes. 10 
The Q angle is defined as the angle between the rectus femoris muscle and the 
patellar tendon. The normal Q angle for males is 8-14 degrees and for females is 11-20 
degrees.4 The normal Q angle has been defined as 14 degrees with anything above 20 
degrees being abnorma1.5,8,18 
Patellofemoral biomechanics pertain to the articulation of the patellar facets with 
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the femoral trochlea on the distal femur.3,5 In full extension, the patella is in its most 
unstable position6 and sits at the proximal trochlea, against the suprapatellar fat pad. 
Initial contact occurs at 20 degrees of flexion with the most distal aspect of the patellar 
cartilage coming into contact with the trochlea.2,5 At 30 degrees of flexion, the patella is 
well seated in the trochlear groove.3 At 90 degrees of flexion, the patella is positioned 
within the condylar fossa, contacting regions of both the medial and lateral facets of the 
patella with the femur. At 135 degrees of flexion, the odd facet articulates with the 
femoral condyle.2,3,16 
As the knee flexes, the contact points of the patellofemoral joint move proximally 
on the patella and distally on the femoral intercondylar sulcus.4 Biomechanical studies 
have shown that as knee flexion increases, so do tendofemoral and patellofemoral 
compression forces. 5,17 As the knee flexes and extends, the patellofemoraljoint 
undergoes changes in contact area and joint reaction forces; however, because the force 
increases more rapidly than the surface area, the stress on the patella increases 
significantly with flexion. 5 At full extension of the knee, the patellofemoral joint reaction 
force approaches zero.4 The force will vary, increasing with flexion and decreasing with 
extension. 
The angle at which the patellofemoral joint reaction forces are greatest can also 
vary depending on the activity.4 During level gait with the knee flexed to nine degrees, 
the force across the patellofemoral joint is 0.5 times body weight. This force increases to 
3.3 times body weight with the knee flexed to 60 degrees during stair climbing.2,4,16 
Squatting with the knee flexed to 130 degrees produces patellofemoraljoint reaction 
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force of7.8 times body weight. Abnormal tracking can generate even greater forces 
across the patellofemoral joint.2,5,12,16 This information has been presented in the table 
below for easier viewing of patellofemoral joint reaction forces. 
Degrees Of Knee Flexion 
Full Extension (0 degrees) 
Level Gait (9 degrees) 
Stair Climbing ( 60 degrees) 
Squatting (13 0 degrees) 
Patellofemoral Joint Reaction Forces 
0.0 X Body Weight (BW) 
0.5XBW 
3.3 XBW 
7.8XBW 
* Abnormal tracking can generate even greater forces across the patellofemoral 
joint. 
CHAPTER THREE 
PLICA SYNDROME 
The knee is embryonically formed by the fusion of three separate synovial 
compartments during the fourth month of development. Normally, the synovial 
membranes are reabsorbedl4 and the knee becomes a single cavity.19 Absorption of the 
membranes may be incomplete allowing synovial folds to project into the knee joint. 15 
Remnants that persist into adulthood are called synovial plica.7,14,15,1 9,2o,21 ,22,23 Synovial 
plica of the knee are present in approximately 20-60% of the population,6,21,24 but rarely 
cause symptoms.6,20,21 There are three major types of plica including the infrapatellar, 
suprapatellar, and mediopatellar plica. 
Infrapatellar plica is the most common but least symptomatic of the three.20,21,23 It 
originates from the ligamentum patellae and the intercondylar notch25 and widens as it 
extends distally to insert on the infrapatellar fat pad. Posteriorly the infrapatellar plica 
borders the anterior cruciate ligament. 15,19 
The suprapatellar plica represents a remnant of the embryonic septum dividing the 
inferiorly placed medial and lateral compartments from the suprapatellar pouch. The 
suprapatellar plica rarely completely divides the suprapatellar pouch - leaving a small 
opening called a porta where loose bodies can hide. 19 Usually the suprapatellar plica is 
seen as a small cresent-shaped synovial fold origionating off the inferior surface of the 
10 
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quadriceps tendon and inserting into the medial wall of the suprapatellar pouch.15 It has 
been stated that the suprapatellar plica may cause synovitis and exercise related edema. 15 
The primary debate is in reference to the mediopatellar plica.23 It is the most 
commonly symptomatic plica and the one usually implicated in symptoms describing the 
plica syndrome. 15 Symptoms from a pathological mediopatellar plica are most commonly 
seen during adolescents, but can be seen at any age. 14 The mediopatellar plica originates 
medially to the undersurface of the quadriceps tendon25 and may be continuous with the 
suprapatellar plica.20 It extends distally around the medial edge of the patella, lying flat 
against the medial femoral condyle and inserting into the infrapatellar fat pad.19 
The mediopatellar plica has been classified into four variations. 15,25 Type A is a 
cord-like elevation in the medial synovial wall. Type B is a shelf-like structure that does 
not entirely cover the anterior surface of the medial femoral condyle. Type C is a larger 
shelf-like structure that does cover the anterior surface of the medial femoral condyle. 
Type D is similar to type C; however, there is a separation between the shelf and the 
synovial wall, creating a bucket handle. 
Normally, plica are soft, pliant, and highly elastic tissues.24 Plica may become 
symptomatic by any mechanism that converts it into a bowstring.20,21 ,24 The plica glides 
under the medial facet of the patella at a range of 40-80 degrees of flexion and may 
become impinged between the patella and the medial femoral condyle causing pain, 
inflammation, and snapping to occur. 15,25 Impingement of the mediopatellar plica causes 
wear of the underlying articular cartilage leading to chondromalacial5 of either the 
medial facet of the patella or the medial femoral condyle. 14 If mechanical injury or 
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inflammation from impingement have occurred, the plica may become thickened, tight, 
and inelastic bands that interfere with the normal mechanics of the knee. 15,20,21,23 
Continued trauma will lead to tough, inelastic fibrotic bands.20,22,23,24,25 It should be noted 
that plica need not contact the medial femoral condyle in order to be symptomatic. The 
tethering effect of thickened plica may interfere with normal quadriceps function and 
place excessive traction on the synovial insertions which are rich in nerve endings. 14,20 
Plica may become symptomatic secondary to direct traumal9,22 such as a fall, 
dashboard injury, or striking a solid object with the anteromedial surface of the knee. 14 It 
may also occur indirectly such as in overuse syndrome secondary to repetitive 
microtrauma, II synovitis, or hemarthrosis.20 
The diagnosis of plica syndrome must be one of exclusion. 14,21 The clinical 
diagnosis rests on the data obtained from a detailed history and physical examination. 19 
In the following paragraphs, a description of common signs and assessment techniques 
will be reviewed. 
The most common present complaint reported was anteromedial knee 
pain. 14,19,20,21,23,24 Characteristically, this pain is usually an intermittent,19 dull, and aching 
type of pain. 8,24 This pain is generally increased with activities requiring flexion and 
extension of the knee particularly stairclimbing I9,24,25,26 or repetitive knee flexion activities 
such as running andjumping.7,14 Some patients noted that the pain is greatest after long 
periods of sitting with the knee in a flexed position. This position draws the 
plica taut across the condyle leading to considerable discomfort. This has been termed a 
positive "Theatre Sign.,,19,24 
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Common symptoms associated with mediopatellar plica include snapping, 
popping, or clicking and instability or giving way sensation.8,20,21 ,23 Other nonspecific 
symptoms supporting the diagnosis including intermittent edema,15,23 weakness, 
stiffness,15 and intermittent catching episodes.7 
Upon physical examination, pain will be localized medial to the patella 
approximately one fingerwidth proximal to the inferior pole of the patella. 14 A 
symptomatic mediopatellar plica can often be palpated as a tender band like structure 
paralleling the medial border of the patella. 19 Applying pressure over this area should 
reproduce the patient's symptoms. 14 Some patients will have tenderness over the irritated 
femoral condyle,15,19 others will reveal tenderness upon palpation along the medial facet 
of the patella. II,25 Atrophy of the thigh, dynamic patellar crepitus, loss of motion, and 
effusionl5,19 are other possible physical findings which are important primarily when 
occurring in succession with previously mentioned signs and symptoms of plica 
syndrome. 
Special tests that could be performed to aid in the diagnosis of plica syndrome 
include the following: 
(1) Palpation may reveal tenderness along the medial facet of the patella. 11 ,14,23 
(2) Patellar Grind or Compression Signll ,14,23,26,27 would be positive secondary to 
trapping of the medial patellar plica between the patella and the medial femoral condyle. 
(3) Mediopatellar Plica or Apprehension Test would be positive if pain is 
indicated upon the examiner's displacement of the patella medially while supporting a 
flexed knee. This test again causes pinching of the mediopatellar plica. 16,21 
14 
(4) The Plica "Stutter" Test is positive ifupon active knee extension, the patella 
stutters or jumps during midrange through an otherwise smooth movement. The 
examiner palpates for this movement pattern during the active range of motion 
(AROM).16 
(5) Hughston's Plica Test is positive ifthe examiner palpates a "popping" of the 
plica band under his fingers while passively flexing and extending the patient's leg which 
is held with internal rotation of the tibia and the patella positioned medially. 16 
These assessment techniques are helpful in diagnosing plica syndrome._ However, 
many of the clinical signs and symptoms are frequently evident with conditions such as 
chondromalacia, tom menisci, and loose bodies.15 Therefore arthroscopy or arthrotomy 
can be utilized along with a detailed history and physical examination to confinn this 
diagnosis.6,15,19 Refer to Chapter VII for further comparison of each diagnosis discussed 
in this literature review. 
It is recommended that a conservative approach to treatment should always 
initially be attempted. 1,4,5,6,7,8,24,27,28,29,30 This would include the use of modalities such as 
ice massage, ultrasound,15 phonophoresis,1 local heat, rest and anti-inflammatory 
medication.24 Quadriceps strengthening and hamstring stretching will help to decrease 
compressive forces on the anterior surface of the knee by increasing posterior structural 
flexibility .14,15,19,24 
Only after the failure of conservative techniques, undertaken for an adequate 
duration of time, will surgery be an option. Shahriaree14 proposes that the only surgically 
effective treatment ofthis syndrome is excision of the mediopatellar plica. Scarring after 
15 
simple division can occur, allowing another symptomatic plica to reform, so complete 
excision is recommended. 14,15 Broom and Fulkerson2o have reported excellent results in 
greater than 80% of patients following plica excision. 
CHAPTER FOUR 
CHONDROMALACIA PATELLAE 
This chapter is a discussion on chondromalacia patellae which is a term that refers 
to pathological changes in the articular cartilage of the patella,3,18,22,31 such as 
softening5,26,32 or lesions9,29 that lead to progressive degeneration. 8,24 
Four stages or grades have been used to describe the extent of involvement of the 
patellar cartilage. In Stage I or closed chondromalacia, there is swelling and softening of 
the articular cartilage. Stage II involves fissuring within the softened areas. Stage III 
involves the breakdown of the surface resulting in fasciculation or fibrillation presenting 
a "crab meat" appearance. Stage IV is characterized by destruction of articular cartilage 
and exposure of subchondral bone. Stage IV is indistinguishable from osteoarthritis.2,29 
Stages I, II, and III are usually confined to the patella, where as Stage IV commonly 
involves the surface of the femur. 29 
Goodfellow et aP3 distinguished between chondromalacia associated with surface 
degeneration, which is most common on the medial patellar facet and is part of aging, and 
basal degeneration, which is pathological and may account for symptomatic knee pain. 
Basal degeneration is found to occur at the junction of the odd and medial facet and at the 
inferior part of the patellar crest.29 These regions are subjected to high compressive and 
shear forces in flexion. In the early stages, this disorder of the deep layers does not 
16 
17 
involve the surface area.34 Initially the area will show softening to probing and may lead 
to further breakdown, resulting in blisterlike disruption with fasciculation. The blister is 
believed to produce pain by altering the distribution of pressure on the underlying 
subchondral bone.29,35 
Insall et aP1,35 discussed the geographical distribution of cartilaginous lesions and 
found the midpoint of the patellar crest, extending equally both medial and laterally, to be 
the most frequently involved area. The upper and lower thirds of the patellar surface are 
usually spared. Chondromalacia of the femoral groove was not reported to be severe or 
uniform in distribution. Goodfellow et aP3 noted the most frequent site for surface 
fibrillation was the odd facet which has been demonstrated to be in contact with the 
condylar surface in extremes of flexion. 16,17 
Chondromalacia patellae is more common in adolescents and young adults, with a 
predominance in females.2,24,31 Davidson,8 Tria, Palumbo, and Alicea5 argue that it occurs 
more often in older patients and presents with a longer history of discomfort. It has been 
found that chondromalacia is age dependent, very common and can be expected in most 
knees after the third year of life, and usually asymptomatic.2,29,35 
Degeneration or softening of articular cartilage provokes a chemical synovitis and 
then effusion. The synovium, which has a rich nerve supply, may become irritated, 
which produces pain. However, many patients with patellofemoral pain have an intact 
articular surface with no evidence oflocal synovial irritation.34 Several investigators33,35 
have noted the tendency for cartilage that is habitually out of contact with other articular 
contact to undergo surface fibrillations. Hypopressure and disuse of the medial patellar 
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facet may cause malnutrition and early degeneration changes of the articular cartilage 
because of the lack of normal kneading and function.34 These medial lesions appear to be 
age related and nonprogressive.35 Chondromalacia occurring on the lateral facet may be 
secondary to overload such as in the case of patellar tilt or excessive lateral pressure 
syndrome. These lesions tend to be progressive, leading to cartilage erosion and 
arthrosis.35 
The pathophysiology of chondromalacia patellae is unknown, although it is 
generally accepted as being secondary to patellar malalignment.31 ,34,35 It does not occur 
spontaneously. It is a response of the articular cartilage over time to some pathological 
situation, usually abnormal patellar tracking.7,31,35 Some possible etiological factors 
include biomechanical, biochemical, vascular and malalignment problems.8,22,35 
Degenerative changes can also occur following acute, severe, or repeated minor 
trauma.8,24,35 
A natural history of the condition remains unclear and may vary with the cause 
and location of the lesion.35 Several signs and symptoms have been described by patients 
with chondromalacia, but these criteria are not specific.6 It has been concluded that 
symptoms were unreliable in predicting the presence of chondromalacia.2,7 Signs and 
symptoms include: crepitation, tenderness, effusion, difficulty with descending stairs, 
instability or giving way sensation, stiffness, quadriceps atrophy, and pain.2,6,8,24 Patients 
often have a history of an old knee injury followed by later onset of locking, catching, 
and weakness of the knee.24 Risk factors associated with the development of 
chondromalacia include a poorly developed VMO, malalignment,2,8,22,35 patella alta, 
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trauma, and tight hamstrings.2•8 
Physical examination of these patients will reveal the most valuable signs of 
quadriceps wasting greater than two centimeters, effusion, and retropatellar crepitus.2•24 
Palpation will frequently reveal tenderness on the lateral facet and is associated with genu 
valgus and pronation of the foot. This results in the patella rubbing laterally at the knee. 
It has been found that a large percentage of these patients displayed a leg length 
difference with the shorter leg on the involved side.24 These patients tended to 
hyperextend the involved knee during stance and push-off phases of gait. With the use of 
a heel lift and proper gait instruction without knee hyperextension, the symptoms of 
chondromalacia were relieved.24 
Chondromalacia patellae has been thought to be underestimated as an etiology of 
patellofemoral pain, but there are a number of reports that indicated the correlation of 
physical signs and symptoms with the appearance of the patellar articular cartilage is 
pOOr.31.35 The identical pain syndrome can exist with normal appearing articular 
cartilage;35 approaching 40% even in young patients.36 It was reported that only 50% of 
those with symptoms commonly associated with chondromalacia patellae actually 
showed objective evidence of chondromalacia at arthroscopy.36 It has also been observed 
and found that low grade chondromalacia (Stage I and II) may be found in normal 
individuals at arthroscopy.31 Patients with more advanced surface changes have reported 
less pain than those with minor changes.5 Therefore, it is difficult to predict the extent of 
changes in the patellar articular cartilage merely from the clinical features. 31 
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There are several special tests designed to aid in the diagnosis of chondromalacia 
patellae: 
(1) Clarke's Sign is considered positive if the test causes retropatellar pain and the 
patient cannot hold or maintain a quadriceps contraction while the examiner is pressing 
down just proximal to the superior pole of the patella. This test can be performed at 
various degrees of flexion as well as full extension.3,16 
(2) Waldron's Test is positive if pain and crepitus occur together while the patient 
performs several deep knee bends slowly. The examiner palpates for crepitus (significant 
only if accompanied by pain), noting where it occurs in the range of motion, the amount 
of pain, and whether there is "catching" or poor tracking ofthe patella throughout the 
movement. 30 
(3) Passive Patellar Tilt Test evaluates the tension of the lateral restraints on the 
patella and is performed by lifting the lateral edge of the patella while depressing the 
medial edge. The normal angle is 15 degrees with anything less indicating tight lateral 
restraints, which predisposes patients to chondromalacia patellae7,30 and chronic tilt of the 
patella.2 
(4) Lateral Pull Test is positive if, upon contraction of the quadriceps, there is 
excessive lateral patellar movement resulting in pain. Normal movement ofthe patella 
would be superior or superiolaterally in equal proportions.5 
(5) Zohler's Sign is positive in a large proportion of the normal population and is 
performed by pulling the patella distally and holding it while the patient performs a 
quadriceps contraction. Pain indicates a positive test. 16 
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(6) Frund's Sign is positive if compression of the patella onto the femoral 
condyles produces pain and similar results are evident at various angles.8 
(7) McConnell Test is completed by having the patient perform an isometric 
quadriceps contraction at various angles, with the patient's femur laterally rotated. At a 
painful angle, the extremity is passively returned to neutral position, the examiner presses 
the patella medially, and the extremity is repositioned at the previously painful angle. If 
pain is decreased, the pain is considered to be patellofemoral in origin. 16 
Diagnosis of chondromalacia patellae is most often an incidental finding being 
either a normal part of aging or a reaction of the articular cartilage to abnormal 
stresses.29,30,35 It has been reported that chondromalacia patellae is an extremely difficult 
diagnosis to make with purely clinical or radiographic means.7 An accurate and detailed 
history and physical examination are extremely important. The role of arthroscopy 
allows for precise definition of chondral defects with respect to size, location, and 
character.22 
Conservative treatment of chondromalacia patellae is focused on: (a) towards 
eliminating the cause, (b) adequate dosage of nonsteroidal anti-inflammatory medication 
to remove the potential for flare-ups or infection, and ( c) a quadriceps strengthening 
program. Arthroscopic treatment is directed at the specific cause of the condition. 
Malalignment deformities as well as metabolic pathology are corrected. Chondral defects 
are treated by arthroscopic debridement and stabilization of the lesions.22 The 
recommended. treatment for basal degeneration is local excision of the blister and drilling 
of the subchondral bone.29 
CHAPTER FIVE 
PATELLAR TRACKING 
Normal patellar aligmnent and tracking is displayed with the ridge ofthe patella 
positioned in the femoral trochlear groove as it travels in a vertical plane during knee 
flexion, without transverse displacement of the medial or lateral patellar facets. This 
orientation causes the patella to appear "centered" in the femoral trochlear groove. 10 
For normal function and tracking to occur there must be an equal balance or pull 
from both soft tissues and bony structures. Soft tissue tightness has a great impact on 
patellar alignment. If the rectus femoris is tight, full excursion of the patella may be 
inhibited. If the IT band is tight, the patella will track laterally. Tightness of the 
hamstrings or gastrocnemius will restrict talocrural dorsiflexion, producing compensatory 
pronation in the subtalar joint. This creates internal femoral rotation causing an increased 
dynamic Q angle. 1,4 Hyperextension will also produce an increase in Q angle due to the 
screw home mechanism that causes external tibial rotation.5 Insall et aP5 proposed that 
lateral tracking was due to an increased Q angle causing abnormal shearing stresses on 
the articular cartilage which could eventually lead to chondromalacia. 
At times lateral tracking can be visible clinically by a lateral deviation of the 
patella as the knee is actively extended. Habitual lateral tracking may produce adaptive 
changes and, with time, the quadriceps tendon may come to lie more to the lateral side of 
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the knee. The vastus medialis, which is mostly involved in tracking the patella rather 
than extending the knee,26 becomes stretched while the vastus lateralis becomes 
contracted. These alterations can be accelerated by an episode of patellar dislocation. In 
its most advanced form, habitual dislocation results in an irreducible patella that is 
positioned laterally. 29 
The pathophysiology of patellar tracking dysfunction include deficiencies of 
supporting muscles and guiding mechanisms, bony abnormalities, malalignment of the 
lower extremity, and trauma.5,34 Deficiencies of patellar stabilizers may be due to 
quadriceps femoris abnormality and its expansions including: VMO atrophy;4 laxity of 
the medial retinaculum; tightness of the lateral retinaculum, hamstrings, IT band, or 
gastrocnemius; and patella alta which is an abnormally high riding patella. 1,34 Bony 
abnormalities include irregular size and shape of the patella. Also, abnormality in the 
shape of the femoral trochlear groove may occur such as a shallow lateral femoral 
condyle.s,1O Lower extremity malalignment includes factors such as: an increased Q 
angle, genu val gum, genu recurvatum, femoral anteversion, lateral displacement of the 
tibial tubercle or excessive tibial torsion, and excessive foot pronation.29,3o,34 Trauma may 
also playa role in the pathophysiology of maltracking. Trauma may be due to a direct 
acute injury, indirect effects of an effusion, or by the chronic repetitive stress of 
running. 34 
Clinical signs and symptoms associated with maltracking are nonspecific7 and 
include the following: (a) vague peripatellar or medial pain that worsens with activity 
such as stairs, squatting and prolonged sitting, (b) instability or giving way sensations and 
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VMO atrophy, (c) snapping and popping which may occur with activity. 
The following special tests are some of the more general tests utilized to detect 
maltracking dysfunctions. 
(1) The Patellar Glide Test assess medial and lateral retinacular tightness. The 
patella is divided into quadrants and displaced medially or laterally while the knee is 
supported in 20-30 degrees of flexion. A lateral patellar glide of three or greater indicates 
an incompetent medial restraint. A medial glide of one quadrant indicates a tight lateral 
retinaculum with a medial glide of three or more indicating patellar hypermobility and 
possible subluxation.4,3o 
(2) Passive Patellar Tilt Test has been described in the previous chapter and is 
used to identify tight lateral structures. 
(3) Q angle measured in full extension describes the degree of lateral pull exerted 
on the patella by the patellar tendon and the action of the quadriceps muscle. An 
exaggerated Q angle predisposes the patella to excessive lateral tracking and potential 
subluxation or dislocation.3,30 
(4) Muscle Bulk Measurements of the thigh assess atrophy of the quadriceps, 
specifically the VMO. Atrophy of the VMO can develop into a long term painful 
condition.3 Measurements are taken at points that can be reliably replicated. 
(5) Ober's Test indicates tightness of the IT band which can lead to lateral 
tracking. 
(6) Range of Motion Evaluation determines hamstring and gastrocnemius 
tightness, which will restrict dorsiflexion, produce compensatory pronation and internal 
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rotation, causing an increased dynamic Q angle.4 
Arthroscopy and axial radiographs can provide additional information on factors 
that are important in patellar tracking.2,8 Studies have shown instability abnormalities of 
this joint are most clearly identified by evaluating early range of motion because 
pathological patellar tracking starts at the initial portion of the range. Imaging at 25 
degrees of flexion or greater frequently misses clinically important information,IO,37 but 
one must be sure to consider the entire range of motion when evaluating tracking 
dysfunctions.2,5 It has been demonstrated that knee flexion beyond 20 degrees will bring 
some abnormally aligned patella back into the trochlear sulcus.34 
Current trends in the treatment of patellar tracking problems are conservative with 
orientation less toward strengthening of the quadriceps and VMO and more toward 
improving VMO control of the patella. l Improving lateral retinacular mobility34 and 
muscular flexibility will enhance tracking of the patella and facilitate VMO function. 
McConnell4,30 has been successful using taping techniques to hold the patella in proper 
position during activity. These McConnell taping techniques assist patellar tracking by 
providing improved stability and reducing mechanical stress. l,7 McConnell4,30 has 
reported a success rate of 90-96% in various studies. 
CHAPTER SIX 
PATELLAR INSTABILITIES: SUBLUXATION AND DISLOCATIONS 
Lateral subluxation of the patella is displayed by the malalignment of the patella 
on the femoral trochlear groove. With this condition, the ridge of the patella is displaced 
laterally relative to the femoral trochlear groove. This is the most common form of 
abnormal patellar malalignment and it occurs in varying degrees. Lateral subluxation of 
the patella is commonly found in athletes that undergo torsional movements of the lower 
extremity during their activities. 10 Pathophysiology of lateral subluxation of the patella 
can occur secondary to large peripatellar effusions, and tight lateral retinacular forces 
combined with insufficient medial stabilizing forces. 10 
The majority of individuals with patellofemoral joint pain have a form of 
malalignment that causes abnormal stresses on the articular cartilage. A cartilage defect 
can frequently be found at the impact site between the patella and femoral trochlear 
groove. This defect is a result of the chronic hyperpressure that develops from contact 
stress due to lateral subluxation of the patella. Underloading of the articular cartilage 
may also lead to a degenerative process as a result of lack of a nutritive stimulus. 10,30 
Underloading, overloading, and/or trauma may lead to a degenerative process in the 
articular cartilage.6,38 
Medial subluxation of the patella occurs because of medial displacement of the 
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patellar ridge or the center of the femoral trochlea relative to the femoral trochlear 
groove. This syndrome is most common in individuals who have had surgical 
realignment procedures such as a lateral retinacular release, if there is overcompensation 
of the lateral subluxation. 10 Medial subluxation may cause localized hyperpressure and be 
associated with cartilage defect of the medial patellar facet. Etiological mechanisms can 
exist individually or in combination including an insufficient lateral retinaculum, overtaut 
medial retinaculum, abnormal patellofemoral anatomy, unbalanced quadriceps 
musculature, and excessive internal rotation of the lower extremity. 10 
Clinical signs and symptoms of patellar subluxation include a sense of instability 
and recall of an initial episode in which the knee "gave way" due to extreme subluxation 
or dislocation.2,7,8,30 Common complaints include locking, popping, and apprehension 
particularly during activities of running, cutting, and pivoting.6,7,18 
Clinical findings during the physical examination might include muscle atrophy/ 
medial or lateral retinacular tenderness, high and laterally displaced patella,8 an increased 
Q angle,2 hypermobility,8 crepitus, and a positive apprehension sign.2,7,8 The patella may 
display an abnormal course, especially at 10-20 degrees of flexion as it makes its entrance 
and exit into the trochlea.2 Patellar subluxation can lead to problems of extensor 
mechanism instability, increased risk of dislocation, apprehension, patellar 
hypermobility, and some risk of articular damage.30 
It has been observed that many patients with simple subluxation or dislocation 
have little evidence of changes in articular cartilage. It has been reported that 
chondromalacia was found to occur more frequently in patellar subluxation (93%) than in 
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patellar dislocations (62%).35 Recurrent patellar subluxation and dislocations are well 
known to cause articular damage leading to chondromalacia patellae.5,29,31 
The following are three special tests that will aid in diagnosing patellar 
subluxation: 
(1) The Sulcus Angle is used to evaluate the depth of the trochlea. It is the angle 
formed by the highest points of the medial and lateral femoral condyles and the lowest 
point of the intercondylar sulcus. The normal sulcus angle is 138 degrees. The greater 
the angle is, the shallower the sulcus is, with enhanced potential for patellar instability. A 
shallow sulcus angle has been associated with recurrent subluxation.2,5,8 
(2) The Congruence or Lateral Patellofemoral Angle is used to assess the 
likelihood of subluxation. An abnormal angle has been associated with recurrent 
subluxation and chondromalacia patellae. This angle helps to demonstrate the 
relationship of the patella to the femoral sulcus. The sulcus angle is bisected to establish 
a zero reference line. A second line is drawn from the lowest point on the articular 
cartilage of the patella to the apex of the sulcus angle. This is the congruence angle with 
a normal value of a minus six degrees. If the apex is lateral to the reference line, the 
angle is positive and vise versa.2 
(3) The Q angle measured at 90 degrees of knee flexion can identify lateral 
subluxation of the patella which may have been falsely reduced or missed with the Q 
angle measured in full extension. To avoid underestimation ofthe Q angle, the patella 
must be seated within the trochlear notch accomplished by knee flexion of 90 degrees. 
Reference points include the AIlS, center of the patella, and the mid-tibial tubercle. The 
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patient is positioned supine with both hip and knee flexed to 90 degrees. A normal range 
of minus four to a positive six degrees exists with any angle greater than eight degrees 
strongly indicating an abnormally lateralized distal patellar vector.30 
The most sensitive measure of diagnosing patellar subluxation, readily available 
to the clinician, is the axial radiograph. 18 Taken at 45 degrees of flexion, it may display 
an apparent subluxation, as well as, patella alta.2,18 
Specific VMO training and exercises are recommended in the treatment of patellar 
subluxation. Stabilizing braces and McConnell taping techniques are used to give 
subjective relief and can decrease lateral patellar displacement during initiation of knee 
flexion, but are ineffective in the correction of patellar tilt.6,10 Rest, activity modification, 
anti-inflammatory medications, ice, local anaesthetics, and corticosteroid injections can 
aid in treatment. 2,5,6,8 
Dislocation of the patella occurs when the patella is displaced, usually laterally, 
from its normal joint position, completely separating the two joint surfaces. Dislocation 
is accompanied by tremendous pain and may be complete or incomplete.32 
Pathophysiology of patellar dislocations can include direct trauma, a shallow 
trochlea, abnormal patellar structure or form, pre-existing malalignment, patella alta, 
weak medial stabilizers, or a tight lateral retinaculum. There may also be a positive 
family history.2 Patella alta is associated with patellofemoral instability, patellar 
dislocations, and chondromalacia patellae.2,6,8,IO,18,29 Patellar position during patella alta 
increases the likelihood of medial or lateral movements of the patella during flexion. 
Patella alta is present when the inferior pole of the patella is positioned above the superior 
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aspect of the femoral trochlear groove with the knee extended. 10 
Clinical features present after a dislocation episode include tenderness along the 
medial border of the patella,3 patellar hypermobility, a large Q angle, VMO dysplasia, 
swelling, and a positive apprehension sign.2,7 Patients with recurrent dislocations often 
display patella positioned laterally and tilted.6,7 Patients are often free of pain during the 
time period around the dislocation.5 
The primary special test associated with patellar dislocations is Fairbank's 
Apprehension Test. The patient will feel like the patella is going to dislocate as the 
examiner presses the patella laterally. The patient will be apprehensive and perform a 
quadriceps contraction to pull the patella back "into line" indicating a positive test.2,3,6,16,31 
Diagnosis of patellar dislocations can be made through a complete history, 
physical examination, and axial radiographs to show patellar malalignment.2 Treatment 
of recurrent dislocations requires surgery and a rehabilitation program.39 Surgery is 
utilized only in the case of malalignment.29 Lateral retinacular release or excision of a 
portion of the lateral retinaculum has been shown to have an overall 80% good to 
excellent results in patients with recurrent dislocations of the patella.2,3o,38,39,40 
CHAPTER SEVEN 
DISCUSSION AND CONCLUSION 
This chapter will contrast the similarities and differences between the 
patellofemoral pain syndromes previously discussed. Conclusions and recommendations 
will be based on my discovery throughout this literature review. 
It was concluded that patellofemoral pain syndromes generally have an insidious 
onset, often affecting both knees (one greater than the other).2,3,5 Depending upon the 
syndrome, patellofemoral pain presents at various ages. Plica syndrome is most often 
present during adolescents,14 chondromalacia patellae can occur at any age and is age 
dependent,2,5,8,29,3 1,35 with maltracking and instability problems most common in the 
younger athletic population.6,34 Patellofemoral pain syndromes were found to be more 
common in females than in males.2,5,6,8,9,10,24,31 However, these syndromes may be found 
in individuals of all ages, both genders, and various activity levels.2,6,7 
The pathophysiology of each patellofemoral pain syndrome has been previously 
discussed. The pathophysiology was concluded to be associated with a variety of causes2 
secondary to direct or indirect trauma. The majority of individuals with patellofemoral 
joint pain have some form of mal alignment that cause abnormal stresses (hyperpressure 
or hypopressure) on the articular cartilage.5,10,34 There is controversy in the literature 
surrounding the etiology of patellofemoral pain especially chondromalacia patellae,31,34,35 
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but these syndromes can all lead to eventual articular cartilage breakdown.38 It is 
recommended that careful explaination of the condition and its causative factors will 
help the patient understand the cause of the dysfunction and the planned recovery.4 
Conclusive signs and symptoms present with the patellofemoral pain syndromes 
discussed include: vague peripatellar pain that increases with activity or prolonged knee 
flexion, instability or "giving way" sensation, possible VMO atrophy and 
edema.2,3,14,ls,19,23,34 Patients with plica syndrome complain more often of snapping, 
popping and clicking along with catching episodes during activity.8,14,19,2o,23,2s,4o Patients 
with chondromalacia patellae displayed retropatellar crepitation and have greater 
difficulty descending stairs.6,8,24 Patients with patellar instability problems of subluxation 
and dislocation will complain of locking or popping, apprehension with running, cutting, 
and pivoting drills,6,7,18 and may have hypermobile patella displaced superiolaterally.8 
Patellar maltracking signs and symptoms mimic other patellofemoral pain syndromes. A 
detailed history along with a thorough physical examination are necessary in the 
evaluation of the patellofemoraljoint and should include inspection of the patella, the 
entire lower extremity, and patellar tracking throughout its range of motion. 1,34 
Clinical signs and symptoms of patellofemoral pain syndromes are often similar 
and difficult to distinguish. Arthroscopy or axial radiographs can be utilized as an aid in 
confirming the diagnosis. Plica syndrome and chondromalacia patellae utilize 
arthroscopy, while instability and maltracking syndromes utilize axial radiographs to aid 
in the diagnosis.2,3,8,22 
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In conclusion, it is recommended that the minimum evaluation of the 
patellofemoraljoint should include a detailed history, a thorough physical examination, 
and routine radiographs for a precise diagnosis to be made.2,5,18,22 Only then can the most 
appropriate rehabilitation program be created. 
Initial treatment of all patellofemoral pain syndromes even subluxation and initial 
dislocations are through conservative management of rest, activity modification, 
modalities, exercises, and external support; which has been reported to be successful in 
many studies (70-90% ).1,2,3,4,5,6,7,8,14,15,19,24,26,27,28,29,30,34,35 The basis of conservative treatment 
was to strengthen the VMO, whose fibers provide the main counteraction to lateral 
patellar tracking.34 An isometric progressive resistance exercise program for the 
quadriceps with IT band and hamstring stretching is the preferred initial treatment.2,4 
Isometric quadriceps exercise with the knee extended results in the least amount of 
patellofemoral contact force while maximally stressing the quadriceps muscle. It is 
unclear why patellofemoral pain decreases with exercise but it has been suggested that 
exercise improves patellar tracking, decreases patellofemoral contact forces, improves the 
nutrition to the joint and decreases edema.34 
In conclusion, most authorities agree that surgery should not be considered unless 
no improvement has occurred after three to six months of conservative treatment. The 
purpose of surgery is to correct malalignment.2,3,8 
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PLICA SYNDROME 
Most Common During Adolescents 
May Occur At Any Age 
Rare Occurrance 
Spontaneously With Direct Trauma 
Insidious Onset From Indirect Trauma i.e. overuse, 
synovitis 
Nonspecific Or Anteriomedial Intermittent Dull 
Aching Type Of Pain 
Pain Increases With Repetition 
Snapping, Popping, Or Clicking 
Weakness/Giving Way Sensation 
Catching Episodes 
Intermittent Edema 
Tight Sensation/Stiffness 
Theatre Sign 
Palpation Will Reveal Joint Line And Medial Plica 
Tenderness 
+ Patellar GrindiApleys Compression Test 
+ Mediopatellar Plical Apprehension Test 
+ Plica "Stutter" Test 
+ Hughston's Plica TestlMcMurrays Test 
One of Exclusion 
Detailed History 
Thorough Physical Exam 
Arthroscopy 
Conservative Initially 
Excision 
PRESENTATION: 
PATHOPHYSIOLOGY: 
SIGNS & SYMPTOMS: 
SPECIAL TESTS: 
DIAGNOSIS: 
TREATMENT: 
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CHONDROMALACIA PATELLAE 
Age Dependent 
May Occur At Any Age 
Very common 
Insidious Onset 
Unknown Etiology But Generally Accepted As 
Being Secondary To Patellar Malalignment 
Retropatellar Crepitation 
Difficulty Descending Stairs 
Instability/Giving Way Sensation 
Quadriceps Atrophy 
Effusion 
Stiffness 
Palpation Will Reveal Pain And Tenderness On The 
Lateral Facet Of The Patella 
+ Clark's Sign 
+ Waldron Test 
+ McConnell Test 
+ Passive Patellar Tilt Test 
+ Lateral Pull Test 
+ Zohler's Sign 
+ Frund's Sign 
Detailed History 
Thorough Physical Examination 
Arthroscopy 
Conservative Initially 
Arthroscopic Debridement 
PRESENTATION: 
PATHOPHYSIOLOGY: 
SIGNS & SYMPTOMS: 
SPECIAL TESTS: 
DIAGNOSIS: 
TREATMENT: 
41 
MAL TRACKING 
Most Common In Young Females 
Often Bilateral Affecting One Knee> The Other 
Often a family history 
Usually An Insidious Onset 
Deficiencies Of Supporting Muscles And Guiding 
Mechanisms 
Bony Abnormalities 
Lower Extremity Malalignment 
Trauma 
Vague Peripatellar Or Medial Knee Pain 
Pain Increases After Activity i.e. hills, stairs, 
squatting, and prolonged sitting (+ Theatre Sign) 
Instability/Giving Way 
SnappinglPopping 
VMOAtrophy 
Exaggerated Q angle 
Hamstring/Gastrocnemius Tightness 
Muscle Bulk Measurements 
+ Patellar Glide 
+ Passive Patellar Tilt Test 
+ Obers Test 
Detailed History 
Thorough Physical Examination 
Axial Radiographs 
Conservative Initially - Primarily Concerned With 
VMO Strengthening, Improving Hamstring Flexibility, 
And Patellar Mobility 
Surgery To Correct Malalignments 
42 
PATELLAR INSTABILITIES: LATERAL SUBLUXATION & DISLOCATIONS 
PRESENTATION: 
PATHOPHYSIOLOGY: 
SIGNS & SYMPTOMS: 
SPECIAL TESTS: 
DIAGNOSIS: 
TREATMENT: 
Common In Athletes 
Associated With Tremendous Joint Laxity 
Large Peripatellar Effusions 
Tight Lateral Retinacular Structures & Weak 
Medial Stabilizers 
Direct Trauma 
Shallow Trochlear Groove 
Patella Alta 
Abnormal Patellar Structure Or Form 
Pre-existing Malalignment 
Instability/Giving Way Sensation 
Patella Alta 
Medial & Lateral Retinacular Tenderness With 
Subluxations 
Pain During Dislocation Period 
Popping, Locking, & Apprehension With 
Running, Cutting, & Pivoting Drills 
Muscle Atrophy 
SwellinglEffusion 
Crepitus 
Exaggerated Q Angle 
Hypermobile Patella 
Patella Alta 
Increased Sulcus Angle 
Edema 
VMO Dysplasia 
+ Apprehension Test 
+ CongruencelLateral Patellofemoral Angle 
Detailed History 
Thorough Physical Examination 
Axial Radiographs 
Conservative Initially 
Surgery To Correct Malalignment 
